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VOLTAGE CONTROLLED LIGHT TRANSMITTANCE IN
POLYMER DISPERSED LIQUID CRYSTALS

FRANCESCO BLOISI, PASQUALE TERRECUSO, LUCIANO VICARI,
FRANCESCO SIMONI

Dipartimento di Scienze Fisiche, Universita “Federico IT”

Piazzale V. Tecchio 80, I- 80125 Napoli, Italy

Abstract

In recent papers we have studied the optical phase shift induced by a
Polymer Dispersed Liquid Crystal (PDLC) sample subjected to a low fre-
quency electric field. In the framework of the droplet model for the PDLC we
have shown that the description of the sample by means of three (molecular,
droplet and sample) order parameters and two (a surface elastic constant and
a characteristic voltage constant) sample related parameters is able to give a
good agreement with experimental data. In this paper we present further ap-
plications of the model showing how applied voltages controls light scattering.

1 Introduction

The growing interest on Polymer Dispersed Liquid Crystals (PDLC]} is due to the
wide range of possible applications: from large scale flexible displays to windows
with controlled transparency to thermal sensors and devices for optical processing.

A PDLC is made of liquid crystal microdroplets embedded in a (usually isotropic)
polymeric matrix. Depending on technical tips, the droplets, randomly dispersed in
the polymer, may have a size close to the visible light wavelength, thus producing a
strong light scattering,.

It is well known that the interest for such materials is due to the possibility to
control the light scattering through the application of an electric field. Droplets have
a strong optical anisotropy, depending on liquid crystal’s orientation inside them,
and therefore, on applied electric field. So it is possible to reduce the refractive in-
dex mismatching between droplets and polymeric matrix, thus switching the sample
from an opaque to a transparent statell).

Moreover, from a fundamental point of view PDLC are interesting because many
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physical properties of liquid crystal are strongly influenced by the confinement of
the material in a small cavity.

In previous papers[Q’ 31 we have reported the study of the optical phase shift
induced by a PDLC sample when a low frequency electric field is applied to it.
We have shown that a theoretical model based on the description of the sample by
means of three (molecular S, droplet S; and sample Sy) order parameters and two
(an elastic constant per unit area Ky and a characteristic voltage V;) sample related
parameters is able to give a good agreement with experimental data.

In this paper we present further application of the model to the Anomalous
Diffraction Approach (ADA) scattering theory[4] to evaluate light transmission in a
PDLC sample.

2 The PDLC model

Droplets reorientation in a PDLC can be described!®: 2! by means of the following

three (molecular, droplet and sample) order parameters:

S = (P(a-1))
S¢ = <P2(Nd ' ﬁ)>droplct (1)
Sy = <P2(E : Nd)>sample

where P, is the second order Legendre polynomial, [ is the molecular axys, h is the
nematic director, and Ny is the droplet director (i.e. the mean value of i inside
each droplet) and E is the low frequency electric field director.

The sample order parameter can be computed from the following implicit rela-

tions:
1 3el+1 3 (Be2+1)(e2+1), je.+1
S'f_zl”*‘ﬁ e? +3_2 el lnea—l 2)
ea(Sy) = B 36 Vi A 3)
L= €ic + 26p - v!c(elc - Cp) Ky

1
€c=€1 + 5(1 + 25545/)(6” - 61_) (4)
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Figure 1: The sample order parameter Sy vs. the applied voltage for three values
of the elastic constant K4: 11.0N/m? (dash-dotted line), 4.0N/m? (full line) and
2.0N/m? (dashed line). The values of other parameters are shown in Tab. 1

where v, is the volume fraction of liquid crystal in the sample, ¢, is the polymer
dielectric permittivity, ¢ and €, are the liquid crystal dielectric permittivities and
K, is an elastic constant per unit surfaceld) (units: Newton per square meter) taking
into account the torque which, after the field is switched-off, produces relaxation of
the droplets to their original orientation.

In this model the only order parameter affected by the applied voltage is Sy.
Fig. 1 shows the behaviour of Sy versus the applied voltage for several values of the

elastic constant Kj.

3 PDLC transmittance

For droplet radii Ry > 0.1um the scattering cross section can be computed following
the Anomalous Diffraction Approach (ADA)[4' 5]

R r4 2 (nge —ng\
ouon = 22 (4TR,) (_d___d_>

2 n,
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Liquid Crystal (E7)

Ini = 54.5°C (experimental value in our PDLC sample)
€ ="72¢ (at T = 20°C)
€L = 6.0 ¢ (at T = 20°C)
n. = 1.716 (at T = 20°C)
n, = 1.513 (at T = 20°C)

Polymer (EPON 815)

& =3¢

n, = 1.55
Sample

d, = 8um

v = 0.7

Ry = 200nm

Sdo = 07

Probe beam

A =632.8nm

Table 1: Values assumed for various parameters
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() St gy o5 (1= 105, 435)| )

Ndge — Ndo 3 Nge — N4, 105

here

s T .5 35 [2 (-1 (2+1)(e2-1) 2e,
SI=% TR T R [§+ de2 8e3 arctan 3 —7 )| (6)

n, is the polymer refractive index; ng, and ng4. are the ordinary and extraordinary
refractive indices of the (anysotropic but homogeneous) droplets.

In former papers[5], droplet refractive indices were assumed to be the same as
liquid crystal ones (ng4, = n,, nge = n.), while here we improve such approximation
with the use of the calculated droplet’s refractive indices.

The transmitted light intensity ratio is
I/l =exp(—N,0apad,) (7)

where d, is sample thickness and N, = 3v;./47 R3 is the number of droplets per unit
volume.

Substitution of Sy(V') into previous equations allows the calculation of the scat-
tering cross section o4pa and, finally, of the sample transmittivity vs. the applied
voltage, as shown in Fig. 2.

Droplet model allows to compute ordinary and extraordinary droplet refractive

indiCeSIZ]:

2 1 /2
- = —  —y/=(n? —n2 —_
Ndo = 7rno F(2 ) ne\/;(ne no)(l Sd)) (8)
nee = — no T 9)
V2(n2 —n2)Ss + §(n2 + 2n2)

where F(6,m) is the complete elliptic integral of the first kind. Therefore in our
model the droplets refractive indices depend on the value of the droplet order pa-
rameter S;. In Fig. 3 we show ny, and ng4. vs. Sy.

As shown in Fig. 4 the model is unable to fit experimental data for any given
value of Sy, so we must drop out the hypothesis of constant S;. Introducing a

dependence of S, on the applied voltage[3]
Su(V) =1 = (1~ Suo) exp(~V/Va) (10)
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Figure 2: The sample transmittance I/ vs. the applied voltage V. Each curve
" corresponds to a different value of Ky as in Fig. 1. Here droplet refractive indices
are assumed to be the same as liquid crystal ones (i.e. ng = n,, nge = ne).
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Figure 3: The droplet ordinary and extraordinary refractive indices vs. the droplet
order parameter Sy.
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Figure 4: Measured optical phase shift vs. applied voltage compared with the
values obtained using the model with constant S;. The values used are S; = 0.7
and Sy = 1.0. Incidence angle is 8; = 20 deg.

we have obtained a good agreement between model and experimental data as can be
seen in Fig. 5. V4 (units: Volt) is a sample related parameter taking into account the
voltage dependence of the alignment of liquid crystal molecules inside each droplet.
As a consequence also n4, and ng. are no more constant. Substitution into eq. (5)

allows the calculation of the sample transmittance.

4 Results and conclusions

Let us examine how the order parameters and the sample characteristics affect the
light transmittance.

A comparison of Fig. 2 with Fig. 1 shows that Sy, and therefore Ky, is the main
responsible for the threshold voltage (i.e the voltage corresponding to the opaque to
transparent switching).

In Fig. 6 we can see the behaviour of Sy vs. the applied voltage while Fig. 7
shows the corresponding values of the droplet refractive indices and Fig. 8 shows

the normalized values of the transmitted intensity.
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Figure 5: Measured optical phase shift vs. applied voltage compared with the values
obtained using the model with constant S4(V). Incidence angle is 8; = 20 deg.
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Figure 6: Droplet order parameter S; vs. applied voltage V.
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Figure 8: The sample transmittance I/l vs. the applied voltage V.
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The droplet order parameter S; takes into account the molecular alignment inside

each droplet. Three cases are shown:

a) {Sy = 1], dashed lines: liquid crystal molecules into each droplet are always fully
aligned along the droplet director; droplet refractive indices are the same as

liquid crystal ones and therefore are not affected by applied field.

b) [Sa = Sa], dash-dotted lines: liquid crystal molecules into each droplet are
"frozen”, so that when an external field is applied each droplet rotates as a
whole (the value S4o = 0.7 is the usual one for bipolar droplet configuration);
droplet refractive indices are not the same as liquid crystal ones but are not
affected by applied field.

c) [S¢ = S4(V)], full lines: molecules alignment inside each droplet increases with
increasing applied field so that droplet refractive indices depend on applied
field.

In cases a) and b) the transmitted intensity reaches its saturation value slightly
above the threshold voltage. In case c¢) the transmitted intensity changes above
the threshold because molecules modify their alignment inside droplets even after
droplets are well aligned to external field.

The sample order parameter Sy, affected by the sample related characteristic
elastic constant K, determines the threshold value of the PDLC opaque to trans-
parent switching. The droplet order parameter Sy, affected by another sample re-
lated parameter V;, determines the transmittance behaviour for applied voltage far
above threshold. Both parameters (K, and V;) are functions of the temperature, so

that further experimental data are required to improve the model.

Acknowledgements

We acknowledge the technical aids of A. Maggio, S. Avallone and S. Marrazzo.
This work was supported by INFM, MURST and CNR.

References

[1] J.W.Doane, N.A.Vaz, B.G.Wu, S.Zumer. Field controlled light scattering from
nematic microdroplets. Appl.Phys.Lett. 48, 269 (1986)

[2] F.Basile, F.Bloisi, L.Vicari, F.Simoni. Optical phase shift of polymer dispersed
liquid crystals. Phys.Rev.E 48, 432 (1993)



Downloaded by [Tomsk State University of Control Systems and Radio] at 11:36 18 February 2013

LIGHT TRANSMITTANCE IN PDLC 239
(3] F.Basile, F.Bloisi, L.Vicari, F.Simoni. Temperature dependence of the optical
phase shift in a polymer dispersed liguid crystal. Mol.Cryst.Liq.Cryst. (In press)

[4] S.Zumer. Light scattering from nematic droplets: Anomalous diffraction ap-
proach. Phys.Rev.A 37, 4006 (1988)

[5] J.R. Kelly, P.Palffy-Muhoray. The optical response of polymer dispersed liquid
crystals. Mol.Cryst.Liq.Crist. 243, 11 (1994)



